Introduction
Crushed limestone is used in the processing of sugarbeet at the factory to improve the sugar recovery. Traditionally this spent lime, after being filtered out of the process, has been stockpiled near the factory due to lack of a suitable use given the calcareous nature of most of the soils in the Red River Valley and southern Minnesota. The material has taken up many acres of space over the years the factories have operated in this region. Considering the amount of calcium carbonate already present in the soil profiles of the region, the addition of 2 to 8 tons of spent lime per acre should not have a significant effect on the physical or chemical nature of such alkaline soil.
Long term evaluation of spent lime application on the soil physical properties and crop production in the soils of the sugarbeet growing areas of the northern Great Plains was needed. The duration of a study established in the fall of 1996 near the East Grand Forks factory, was cut short during the flood of 1997 when the area was scraped to build a dike to protect the factory from the flood waters of the Red River. Observations of soybean herbicide carryover and the implementation of grid sampling for soil testing purposes in southern Minnesota led to the finding of acid soils areas in fields of the region. Application of spent lime was used to increase the pH of these areas to decrease the carryover period and allow sugarbeet to be grown in the normal crop rotation. Research trials established to determine the spent lime effect on herbicide carryover, also gave indication that a decrease in the infection of aphanomyces on sugarbeet was possibly occurring as well.
Materials and Methods:
An application of spent lime was made in the fall of 2001 at the rate of 2, 4 and 8 tons per acre on a beet field east of the factory in East Grand Forks. The material from the factory was hand spread and incorporated with fall tillage following beet harvest. The treatments were arranged in a randomized complete block design with six replications. Individual treatment plots measured 22 feet wide and 30 feet long. The research area was seeded to soybean in the spring of 2002. Excessive moisture conditions resulting from large precipitation events throughout the growing season causing severe damage to the crop. With the lack of pod formation on the soybean plant and limited forage mass at harvest time, a yield determination was not made. Soil samples were taken in October to a depth of 24 inches. In 2003 spring wheat was grown on the location and a grain harvest was obtained, but very wet soil conditions following harvest prevented soil samples from being taken for analyses. Sugarbeet was grown in 2004 and soil conditions allowed soil samples to be taken in the surface foot of the profile prior to harvest. Sugarbeet was harvested and quality analyses were determined. Primary tillage following harvest each year has been some type of disking and/or chiseling. With the observation that the level of aphanomyces damage was increasing in the sugarbeet research location north of the Fargo airport, which has alkaline soil, spent lime rates of 3, 6 and 9 tons per acre were applied in October 2002. The treatments were applied similar to those established at East Grand Forks but with only four replications. Two varieties of sugarbeet, an aphanomyces susceptible (Beta 6447) and tolerant (Crystal 999) were planted on each treatment in 2003. Sugarbeet was harvested but wet soil conditions prevented soil samples from being taken. Spring wheat was seeded in 2004. Wheat harvest yields and soil samples were obtained in 2004. Primary tillage following harvest at this location has been similar to that at East Grand Forks.
The soil analyses were performed at the Soil Testing laboratory at North Dakota State University using standard accepted procedures. Sugar quality analysis was performed at American Crystal Sugar Quality Tare Lab, East Grand Forks, MN.
Results and Discussion
The analyses data of spent lime used at both locations is given in Table 1 . The material contains nutrients which are separated from the sugarbeet juice as the sucrose is recovered. The calcium carbonate equivalent is not reduced much from that of pure lime and thus is useful in raising the pH when applied to an acid soil. The nutrients contained are in forms available for plant uptake and use.
The soil chemical parameters in the top 6 inches at the East Grand Forks location are not significantly changed in a year's time, although there are trends for the soil test phosphorus to be increased and the potassium, chloride and sodium to decrease with increasing rate of spent lime (Table 2 ). This trend for soil test phosphorus is still present in the soil samples taken in 2004 (Table 3 ). The majority of the phosphorus is in the top three inches, but a significant increase occurred in the 3-6 inch increment with the 8 ton spent lime rate. The yield of wheat in 2003 (Table 7) and sugarbeet in 2004 (Table 4) are not significantly affected, although there is a trend for the wheat yield to decrease with increasing spent lime application. The net sucrose is significantly reduced with increasing spent lime, which also causes a reduction in the recoverable sugar per ton and gross return per acre, but the recoverable sugar per acre is not significantly affected. These crops showed no visual deficiency symptoms in the canopy during either year.
At the Fargo location, the increase in spent lime application resulted in a significant increase in recoverable sugar production with increasing spent lime application (Table 5 ). Most of the increase occurred with Beta 6447, the aphanomyces susceptible variety. The number of harvest beets is increased with increasing spent lime rates possibly indicating a decline in aphanomyces damage to the growing root. The difference in the sugarbeet effects at this location compared to the East Grand Forks location may be entirely disease suppression. The wheat yield in 2004 was not significantly affected by spent lime treatment, although there is a increase with increasing spent lime rate.
The analyses of soil samples taken in 2004 at the Fargo location (Table 6) show similar results to those of East Grand Forks. Soil phosphorus test levels significantly increase in the first two increments of the soil profile. Sulfate levels follow a similar trend.
Overall the results from the data collected at these two locations show very little detrimental affects from the application of spent lime. In fact there have been some positive results. 
